A nuclear microprobe cannot give direct information on the chemical state of an element, but the spatial distribution of elements in a specimen is often determined by the chemical history of the sample. Fuel cells and minerals are examples'of complex systems whose elemental distributions are determined by past chemical history. The distribution of catalyst in used fuel cell electrodes provides direct information on the chemical stability of dispersed catalysts under operating conditions. We have used spatially resolved Rutherford backscattering'to measure the migration of platinum and vanadium from intermetallic catalysts and to determine their suitability for use under the extreme operating conditions found in phosphoric acid fuel cells. Geologic materials are complex, heterogeneous samples with small mineral grains. The trace element distribution within the individual mineral grains and between different mineral phases is sensitive to the details of the mineral formation and history. The spatial resolution and sub-100-ppm sensitivity available with a nuclear microprobe open up several new classes of experiments to the geochemist. Geochemistry and electrochemistry are two areas proving particularly fruitful for application of the nuclear microprobe.
Introduction
The well-known advantages of a nuclear microprobe are the sensitivity of particle-induced x-ray emission (PIXE) relative to an electron probe, the depth information available with Rutherford backscattering (RBS), light isotope detection with nuclear reactions, and the relatively unambiguous interpretation of the data. The two-and three-dimensional spatial resolution combined with trace element and monolayer sensitivity enables us to investigate a broad class of problems where the elemental distribution is modified by the chemical environment. The The electrodes in a phosphoric acid fuel cell consist of a thin layer ("120 pm) of platinum catalyzed carbon which is Teflon bonded and supported on a porous carbon backing. Cost considerations dictate that the noble metal loading be minimized and the migration, sintering, and cirrosion of the catalyst be controlled. The present platinum level of 0.5 mg/cm2 or less means that the platinum is marginally detectable if at all with an electron microprobe. Figure 1 shows the x-ray spectrum obtained with a 5 pm-diam beam of 2.5-MeV protons incident on such an electrode.
By scanning the surface of the electrode in 50 pm steps', the uniformity of the'platinum distributi'on was readily determined (Fig. 2) . One of the major problems in electrochemistry is the difficulty in obtaining direct compositional information at the solid-liquid interface under realistic operating conditions. The MeV beams offer the possibility of probing this interfacial region through the solid if it can be made thin enough. Energy straggling through a foil less than a micrometer thick limits the depth resolution to much greater than a monolayer, but if the concentration at the interface is greater than the concentration in the liquid, the backscattering or nuclear reaction peak from the adsorbate can be assumed to come from the solid-liquid interface. Figure 8 shows Another chondrite, St. Severin (LL6), contains two phosphate phases, whitlockite and chlorapatite. Our nuclear microprobe analyses of these phases yielded LREE concentrations of 100 ppm in the whitlockite and concentrations below our limits of detectability in chlorapatite. Bulk analyses were not able to determine unambiguously whether fractionation occurred. Because plutonium is geochemically associated with LREE, this in situ trace element microanalysis indicates that whitlockite is the appropriate phase for plutonium chronometry studies.
The limitations of micro-PIXE analysis on geologic materials are set by the constraints of specimen preparation and x-ray spectrometer resolution. Routine thin sections for a geologist are 30 pm thick, and it is difficult to work with unsupported sections or sections thinner than this. The sensitivity limits observed with biological thin sections are probably an order of magnitude lower than routinely available with realistic geologic samples. As Fig. g shows, the Si(Li) detector energy resolution is not adequate to completely resolve the numerous L lines of the LREE. A focusing crystal spectrometer has the necessary energy resolution, but the reduced efficiency and single-element analysis mean slower data acquisition. This can partially be overcome by the higher current density available with the Los Alamos microprobe. In fact, all data taken with a Si(Li) detector have been with significantly reduced beam currents to avoid pile-up problems. The scattering chamber is being redesigned to accommodate two focusing crystal spectrometers.
The microprobe has been used to study a broad range of other geochemical problems including trace element mobilization as a result of in situ retorting 
